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CAMERA-BASED X-RAY DIGITAL IMAGE
DETECTOR

CROSS REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority to U.S. Provi-
sional application No. 60/873,817, titled “Camera-based
x-ray digital image detector,” filed Dec. 6, 2006, the specifi-
cation and drawings of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE

INVENTION

1. Field of the Invention

Embodiments of the present invention are directed to an
x-ray digital image detector comprising a scintillator screen,
a wide-angle lens, a transparent x-ray shield, and an 1image
sensor. The present invention also includes a software correc-
tion algorithm to rectify imaging distortion and a light inten-
sity compensation algorithm to compensate for solid angle
changes 1n the received light.

2. Description of the Related Art

Early x-ray digital camera systems utilized a lens/mirror
assembly to project an x-ray scintillator screen 1image onto a
commercial charge-coupled device (CCD) sensor that cap-
tured the image. However, because of the small dimensions of
a typical CCD sensor compared to large scintillator screens,
substantial demagnification and light loss meant that such a
digital camera system was not a feasible choice 1 digital
radiography. At present, most commercial digital radiogra-
phy systems use flat panel detectors, comprising either an
amorphous silicon TFT panel coupled with a scintillator
layer, or an amorphous selentum TFT panel. Only a few
systems used a lens/mirror type x-ray camera detector with
competitive imaging quality.

While amorphous silicon TFT panels coupled with scintil-
lator layers promise good resolution and high sensitivity, the
high manufacturing cost hinders the quick adoption of such
an approach to digital radiography. In this invention, a simple
camera-based detector system 1s designed to take advantage
of current advances 1n CCD/CMOS digital image sensor tech-
nology, as well as improvements in scintillator screen tech-
nology and optical lens designs.

What 1s needed in the art i1s an optical assembly that
projects x-ray images formed on a scintillator screen directly
onto a much smaller image sensor via a fisheye or super-wide-
angle lens, while protecting the image sensor with transparent
x-ray shielding, and correcting any imaging distortion using a
soltware rectification algorithm. Such a detector would
greatly simplify the design complexity of a camera-based
x-ray detector, thus substantially reducing manufacturing
costs, while maintaiming a comparable 1maging quality and
eificiency.

SUMMARY OF THE INVENTION

Embodiments of the present invention are directed to x-ray
digital 1mage detectors comprising a scintillator screen, an
optical lens, transparent x-ray shielding, and a digital imaging
sensor. Image distortion 1s corrected with software, specifi-
cally an imaging rectification algorithm, and light intensity 1s
compensated i response to changes 1n the solid angles of the
received light.

In one embodiment of the present invention, the x-ray
digital image detector comprises a scintillator screen for cap-
turing an x-ray image, a wide-angle lens for transferring the
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x-ray 1mage from the scintillator screen to a digital image
sensor, and an x-ray shield positioned between the scintillator
screen and the digital image sensor, for protecting the digital
image sensor from damaging x-rays. The digital image sensor
may be a charge-coupled device (CCD) and/or a complimen-
tary metal oxide semiconductor (CMOS)-based 1image sen-
SOF.

Embodiments of the present invention include methods of
producing a digital image from an X-ray image on a scintil-
lator screen, the method in one embodiment comprising cap-
turing an X-ray image on a scintillator screen, and transferring,
the x-ray image from the scintillator screen to a digital image
sensor via a wide-angle lens. This method further comprises
protecting the digital image sensor from damaging x-rays by
positioning an x-ray shield between the scintillator screen and
the digital image sensor.

The resolution of such an x-ray digital image detector may
in some embodiments about one (1) mm, and in other
embodiments, submillimeter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic drawing of a camera-based x-ray
digital imaging detector;

FIG. 2 1s a an image formed by an 8 mm fisheye lens before
and after imaging rectification performed according to the
present embodiments;

FIG. 3 1s a schematic diagram of an x-ray image detector
embodied with a commercially available digital camera and
fisheye lens;

FIG. 41s an x-ray image of a water bottle containing the cap
to the bottle; the x-ray exposure was made at 70 KVP, 7 mA,
for 10 msec, and the distance between the x-ray source and the
detector screen was about 100 cm; and

FIG. 5 1s a schematic diagram of an x-ray image detector
embodied with a fisheye lens, an optically coupled lead-glass-
shield, and a Peltier-plate-cooled 1image sensor.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed heremn 1s a device comprising a scintillator
screen 10, alens 11, an x-ray shueld configured either as shield
12 and/or shield 14, and a digital image sensor 13, as depicted
in the schematic diagram of FIG. 1. In contrast to a conven-
tional lens/mirror-type detector, the lens and sensor assembly
1s placed directly behind the scintillator screen according to
the present embodiments. Because the image sensor 1s then
exposed to x-ray radiation, a transparent lead glass/plastic
plate 1s used to protect the 1mage sensor 13 from x-ray radia-
tion damage. In one embodiment, the lead glass/plastic plate
12 1s optically coupled with the image sensor 13 to reduce
reflective surfaces and minimize light loss. Optionally, a lead
glass/plastic plate 14 may be positioned in front of the optical
lens (but still behind the screen), leaving the lens/camera
assembly 1ntact.

In order to reduce the depth of the detector, measured as the
distance from the scintillator screen 10 to the image sensor
13, a super-wide-angle lens or a fisheye lens 11 with a large
aperture may used, an exemplary image from which 1s shown
in FIG. 2. The image distortion 1s corrected alfterwards using
soltware 1maging processing, as shown generally by the
image rectification and light compensation system 15 in FIG.
1. Correction may also be made to the light intensity to
compensate for any changes 1n the light intensity as a function
of solid angle, the light intensity decreasing from the center of
the scintillator screen to the corners. Improvement 1s further
gained with the use of a Peltier cooling plate 17 positioned
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adjacent to the digital image sensor, and/or using needle-like
Csl: Tl scintillator screens. Overall, compatible imaging qual-
ity as obtaimned by commercial available digital radiography
systems may be achieved with greatly reduced design com-
plexity and substantially lower manufacturing costs.

In one embodiment of the present invention, as shown in
FIG. 3, a commercially available full-frame 35 mm digital
camera 36 (using a 24 mmx36 mm, 13 million pixel CMOS
imaging sensor) with an fisheye lens 31 at the focal length of
either 8 mm or 15 mm was positioned directly behind a flat
Gd,O,S: Tl scintillator screen 30, with an effective detecting
area ol about 300 mmx400 mm. The overall depth of the
detector was about 200 mm. A transparent lead plastic panel
34 was placed 1n front of the lens 31 to shield the camera 36
from Xx-ray radiation damage. The light exposure sensitivity
of the digital camera was set to ISO 1600, and the aperture of
the fisheye was set to F3.5.

An exemplary image 1s shown in FIG. 4, which 1s an x-ray
image of a water bottle obtained with a detector configured as
described above. Optionally, imaging could be captured at a
frame rate of 3 frames per second using the camera’s
mechanical shutter. To achieve an optimized overall imaging,
quality, the focal point of the optical lens may be chosen to be
near the edge of the scintillator screen. Software correction
for imaging distortion and compensation for light falloif due
to solid angle decrease are processed immediately after the
images are captured, 1n a processing system shown generally
at reference numeral 35. A one millimeter resolution could be
achieved with this configuration.

In another embodiment of the present invention, shown in
FIG. 5, acommercial 24 mmx36 mm, 11 million pixel, mono-
chrome CCD imaging sensor 33 is optically coupled to a
transparent lead glass plate 52 for shielding damaging x-rays
from the CCD imaging sensor 33. The glass plate 52 has a
high reflective index that better matches the reflective index
of CCD sensor. The thickness of the lead glass plate 1s chosen
to fully shield the sensor from x-ray radiation damage. On the
back of the CCD sensor 53 1s a Peltier cooling plate 57 to
reduce the thermal noise of the CCD sensor. The capture
board for the CCD sensor has a binming capability which
allows for up to about 9 frames per second for progressively
scanned 1mages. The chamber 56 that connects the CCD
sensor 53 with a fisheye lens 51 can be optionally sealed and
filled with an mert gas such as nitrogen (N, ) or argon (Ar) gas.
The fisheye lens 51 1n thus embodiment has a focal length of
cither 8 mm or 15 mm, and is positioned directly behind a flat
needle-structured CsI: T1 scintillator screen 50, with an effec-
tive detecting area ol about 300 mmx400 mm. The overall
depth of the detector 1s 200 mm. To achieve optimized overall
imaging quality, the focal point of the optical lens 51 1s chosen
to be near the edge of the scintillator screen 50. Software
correction for imaging distortion and compensation for light
tallott due to solid angle decrease are processed immediately
alfter imaging capture 1n a system shown generally at refer-
ence numeral 53. A sub-millimeter resolution may be
achieved with this embodiment.
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What 1s claimed 1s:
1. An x-ray digital image detector comprising:
a scintillator screen, for capturing an x-ray image;
a wide-angle fisheye lens for transferring the x-ray image
from the scintillator screen to a digital image sensor; and

an x-ray shield positioned between the scintillator screen
and the digital image sensor, for protecting the digital
image sensor from damaging x-rays.

2. The x-ray digital image detector of claim 1, wherein the
digital image sensor 1s selected from the group consisting of
a charge-coupled device (CCD) and a complimentary metal
oxide semiconductor (CMOS)-based 1image sensor.

3. The x-ray digital image detector of claim 1, further
including a system for providing a soitware correction algo-
rithm to rectily imaging distortion.

4. The x-ray digital image detector of claim 1, further
including a system for providing a light intensity correction
algorithm to compensate for changes in the solid angles of the
received light.

5. The x-ray digital image detector of claim 1, wherein the
fisheye lens has a focal length selected from the group of
about 15 mm or less.

6. The x-ray digital image detector of claim 1, further
including a chamber for housing the image sensor, and
wherein the chamber 1s filled with an 1nert gas.

7. The x-ray digital image detector of claim 1, further
including a Peltier cooling plate positioned adjacent to the
digital image sensor for reducing thermal noise 1n the digital
1mage sensor.

8. The x-ray digital image detector of claim 1, wherein the
scintillator screen 1s selected from the group consisting of a
(d2028:T1 scintillator screen and a needle CsI: T1 scintillator
screen.

9. The x-ray digital image detector of claim 1, wherein the
distance between the 10 scintillator screen and the digital
image sensor 1s about 200 mm or less.

10. The x-ray digital image detector of claim 1, wherein the
detector 1s configured to have a resolution of about one mil-
limeter.

11. The x-ray digital image detector of claim 1, wherein the
detector 1s configured to have a sub-millimeter resolution.

12. A method of producing a digital image from an x-ray
image on a scintillator screen, the method comprising;

capturing an xX-ray image on a scintillator screen;
transierring the x-ray 1image on the scintillator screen to a
digital image sensor via a wide-angle fisheye lens; and

protecting the digital image sensor from damaging x-rays
by positioning an x-ray shield between the scintillator
screen and the digital image sensor.

13. The method of claim 12, further including rectifying
image distortion from the digital image sensor using software
comprising a correction algorithm.

14. The method of claim 12, further including compensat-
ing for changes in the solid angle of the recerved light.
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